Background. Celiac disease is frequently associated with type 1 diabetes mellitus, but is usually ill-defined and not usually suspected until the disease becomes advanced.
INTRODUCTION
Type 1 diabetes mellitus is a common autoimmune disorder of the pediatric population and it is frequently associated with other autoimmune conditions, especially with autoimmune hypothyroidism and celiac disease. 1 Celiac disease (CD), or gluten-sensitive enteropathy, is an autoimmune disorder characterized by inflammation, villous atrophy and crypt hyperplasia of the small bowel mucosa after ingestion of dietary gluten and recovers when gluten-containing cereals are withdrawn from the diet.
The mean prevalence rate of celiac disease in type 1 diabetes patients varies in studies but ranges from 1% to 11%, 2 almost 10-20 times higher than that observed in the general pediatric population. 3 It has an incidence of 1 in 96 in north India. 4 The presentation of celiac disease in Type 1 diabetes patients is extremely variable, less than one third of patients present with gastrointestinal complaints, and some patients remain asymptomatic and are only diagnosed during routine screening procedures. 5 The prominent extraintestinal manifestations of celiac disease are short stature, delayed puberty, poor glycemic control, nutritional anemia, etc. [6] [7] 
The mean prevalence rate of celiac disease in type 1 diabetes patients varies in studies but ranges from 1% to 11%, 2 almost 10-20 times higher than that observed in the general pediatric population. 3 It has an incidence of 1 in 96 in north India. 4 The presentation of celiac disease in Type 1 diabetes patients is extremely variable, less than one third of patients present with gastrointestinal complaints, and some patients remain asymptomatic and are only diagnosed during routine screening procedures. 5 The prominent extraintestinal manifestations of celiac disease are short stature, delayed puberty, poor glycemic control, nutritional anemia, etc. [6] [7] pathogenesis appears to be multifactorial A few studies support the role of RANKL/OPG system in the pathogenesis, but the exact cause for it is still unknown. 8 The main aim of this cross-sectional analytic study is to study the prevalence and clinical characteristics of celiac disease in patients with type 1 diabetes mellitus in Northern India.
METHODOLOGY
Two hundred and thirty six children and adolescents with type 1diabetes, aged 6 to 18 years, presenting to the endocrine OPD or admitted to the endocrinology ward, were enrolled in the study period of two years from July 2011 to June 2013. Ethical clearance for the study was secured from the institution After explaining the objectives of the study, a written informed consent was obtained from the patients or their parents. Patients were evaluated clinically, biochemically and inquiries were made for family history of other common autoimmune disorders, which are associated with type 1 diabetes.
Physical examination along with Tanner scoring was done by two endocrinologists, which included one pediatric endocrinologist. Blood samples were collected for: anti-TTG immunoglobulin subclass A (IgA) using enzymelinked immunosorbent assay (ELISA), CBC, iron profile, glycosylated hemoglobin (HbA1C), calcium, phosphorus and albumin.
X-rays of the wrist and knee were done in all patients of celiac disease in the hospital premises and the x-rays were reported first by an experienced endocrinologist and then by radiologists, and if both agreed on a finding, it was accepted. Bone age was assessed using the Tanner Whitehouse 2 system. Delayed bone age was defined as difference of at least 24 months between chronological age and bone age. Vitamin D level was done when appropriate.
Endoscopic duodenal biopsies were undertaken for those who were negative for anti-TTG antibody after informed consent. Screening for other autoimmune disorders was done only when signs or symptoms or family history suggestive of the disorder were present.
Statistical Analysis
All categorical variables were expressed as percentages and all continuous variables were expressed as mean ± standard deviation. Categorical variables were compared using Fisher's exact test and Chi-square test, whichever is applicable. Continuous variables were compared using independent t-test and ANOVA as applicable. All p values <0.05 were taken as significant. Bivariate correlations were calculated using Pearson's correlation coefficient. Statistical analysis was performed by using software SPSS version 17. Ê Table 1 shows the comparison between the patients with and those without celiac disease, the age of presentation with celiac disease was almost one year later than the age of presentation of patients without celiac disease.
RESULTS
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Patients with celiac disease had much higher HbA1C, FBS and ALP in comparison with patients without celiac disease, which both are significant (<0.05), but had lower hemoglobin, MCV, MCH, serum iron, and serum calcium and all were significant (<0.05). Sex ratio was found to be equal in both, while the incidence of other autoimmune conditions was found to be non-significant. Table 2 shows the demographic profile of patients with celiac disease and the most common manifestations. Table 3 shows the prevalence of different laboratory and biochemical abnormalities in the T1DM patients with celiac disease. The data shows that anemia was the most common laboratory finding with an overall prevalence rate of 87.4% (66.6% normocytic normochromic and 20.8% microcytic hypochromic). pathogenesis appears to be multifactorial A few studies support the role of RANKL/OPG system in the pathogenesis, but the exact cause for it is still unknown. 8 The main aim of this cross-sectional analytic study is to study the prevalence and clinical characteristics of celiac disease in patients with type 1 diabetes mellitus in Northern India.
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Patients with celiac disease had much higher HbA1C, FBS and ALP in comparison with patients without celiac disease, which both are significant (<0.05), but had lower hemoglobin, MCV, MCH, serum iron, and serum calcium and all were significant (<0.05). Sex ratio was found to be equal in both, while the incidence of other autoimmune conditions was found to be non-significant. Table 2 shows the demographic profile of patients with celiac disease and the most common manifestations. Table 3 shows the prevalence of different laboratory and biochemical abnormalities in the T1DM patients with celiac disease. The data shows that anemia was the most common laboratory finding with an overall prevalence rate of 87.4% (66.6% normocytic normochromic and 20.8% microcytic hypochromic). In bone and calcium metabolism abnormalities, the prevalence of both low calcium and increased alkaline phosphatase was 29.1% while 20.8% of patients had radiological signs of rickets/osteomalacia and hypovitaminosis D. Some 12.4% of patients suffered from overt hypothyroidism with the number of individuals having Anti-TPO positivity but only 8.3% of patients had subclinical hypothyroidism. ÊÊÊÊÊÊÊÊÊÊÊ DISCUSSION Ê This is a cross-sectional study carried out in the department of endocrinology and metabolism during the study period of from July 2011 to June 2013. The main aim of the study was to determine the prevalence and various clinical manifestations of celiac disease in type 1 diabetes mellitus.
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Celiac disease is an autoimmune-mediated enteropathy precipitated by the ingestion of gluten-containing foods (including wheat, rye and barley) in genetically susceptible persons. Celiac disease is also frequently associated with type 1 diabetes mellitus but less frequently than autoimmune thyroiditis. From last few years, numerous screening studies showed increased worldwide prevalence of celiac diseases in type 1 diabetes mellitus 5 However, data from South Asia is very limited especially in the Indian subcontinent. 9 Its prevalence in children and adolescents with type 1 diabetes ranges from 5 to 7%. In a previous study done by Bhadada et al 10 the prevalence rate was 11.1% among type 1 diabetics. In the present study, out of 236 type 1 diabetics, celiac disease was present in 24 patients, the prevalence is 9.37%. Only one patient was diagnosed with celiac disease before the diagnosis of type 1 diabetes.
Gluten intake varies from population to population and depends upon dietary practices. Wheat is the staple cereal in the northern part of India and flat bread made from wheat flour is one of the most important constituents of almost every meal. In the southern and northeastern part of India, rice is a staple food. A typical North Indian diet, where flat bread is the usual meal, contains about 25-30 g of gluten per day; whereas average gluten intake in the West varies from 10 to 20 g/day. 23 Although the majority of detected cases of celiac diseases in children with diabetes mellitus are reported to be asymptomatic or silent, 12, 13 we have demonstrated that many children do have subtle gastrointestinal complaints that may indicate celiac diseases. Directing specific questions may help increase the yield of gastrointestinal symptoms in these children.
In our study, the common clinical manifestations which were found in type 1 diabetes mellitus with celiac disease are diarrhoea (62.5%), abdominal pain/bloating sensation (58.3%), short stature (58.3%), sticky stool (58.3%) and delayed puberty in 29.1% of patients. Some uncommon manifestations are rickets (20.8%), recurrent hypoglycemia (16.6%), carpopedal spasm (8.3%) and night blindness (8.3%). The most common laboratory findings were normocytic normochromic anemia (66.6%) followed by microcytic hypochromic anemia.
A concern with malabsorptive disease is that it could increase the incidence of hypoglycemia in diabetes, particularly in patients under tight control. 21 About 16% patients presents with hypoglycemia. 21 Malabsorption may also be linked to vitamin A deficiency which leads to night blindness and treatment failures may be due to inadequate management either of celiac disease or of thyroid disease or both, which may lead to increased dose requirement of levothyroxine. 22 Numerous studies from all over the world showed the varied manifestations of celiac disease in type 1 diabetes, but these all depend upon the place of study, study population, follow up rate, etc. The most common manifestations in studies is the anemia followed by abdominal complains, short stature, delayed puberty, recurrent hypoglycemia and hypocalcemia. 11, 12 Studies on the impact of celiac diseases on glycemic control and growth in patients with T1D have shown conflicting results. [13] [14] Our patients with type 1 diabetes and celiac disease had poor glycemic control and growth parameters as compared to patients without celiac disease as judged by fasting blood sugar and HbA1C. In bone and calcium metabolism abnormalities, the prevalence of both low calcium and increased alkaline phosphatase was 29.1% while 20.8% of patients had radiological signs of rickets/osteomalacia and hypovitaminosis D. Some 12.4% of patients suffered from overt hypothyroidism with the number of individuals having Anti-TPO positivity but only 8.3% of patients had subclinical hypothyroidism. ÊÊÊÊÊÊÊÊÊÊÊ DISCUSSION Ê This is a cross-sectional study carried out in the department of endocrinology and metabolism during the study period of from July 2011 to June 2013. The main aim of the study was to determine the prevalence and various clinical manifestations of celiac disease in type 1 diabetes mellitus.
A concern with malabsorptive disease is that it could increase the incidence of hypoglycemia in diabetes, particularly in patients under tight control. 21 About 16% patients presents with hypoglycemia. 21 Malabsorption may also be linked to vitamin A deficiency which leads to night blindness and treatment failures may be due to inadequate management either of celiac disease or of thyroid disease or both, which may lead to increased dose requirement of levothyroxine. 22 Numerous studies from all over the world showed the varied manifestations of celiac disease in type 1 diabetes, but these all depend upon the place of study, study population, follow up rate, etc. The most common manifestations in studies is the anemia followed by abdominal complains, short stature, delayed puberty, recurrent hypoglycemia and hypocalcemia. 11, 12 Studies on the impact of celiac diseases on glycemic control and growth in patients with T1D have shown conflicting results. [13] [14] Our patients with type 1 diabetes and celiac disease had poor glycemic control and growth parameters as compared to patients without celiac disease as judged by fasting blood sugar and HbA1C. We confirmed the observation that children with diabetes who went on to develop celiac disease were younger at diagnosis of DM than other children with DM. 13 The predominance of males with celiac disease in the present study has been observed in few studies, 17 while other studies in different races have shown a female predominance, 16 which likely represents variability of genetic and environmental factors among different races.
While the majority of our patients with celiac diseases were found to have gastrointestinal symptoms, iron deficiency and hypocalcemia, which are indices of malabsorption, were also prominent in the celiac disease patients 15 The potential for early reversal of abnormalities in indices of intestinal malabsorption (iron and calcium deficiencies) is one of the advantages for screening asymptomatic children for early detection of celiac diseases in T1DM patients.
There are many barriers to maintenance of a gluten-free diet (GFD); some of them are universal and some of them are unique to Indian patients with CD. Patients with CD are challenged with barriers in maintenance of a strict GFD primarily due to inadequate information and education about the disease. 23 Insufficient background awareness about CD and its strict dietary restriction in the community creates a problem for the patient and the family of patients with CD. Due to the lack of gluten labeling on food items in India, it is difficult for anyone to know if a particular food product is gluten-free or not. Contamination of food with gluten is another concern. 23 Adherence to GFD is the most critical factor for remission of CD. Adherence to GFD is complex and is influenced by knowledge, country or region of residence, availability of GF food, determination, and social support. Glutencontaining foods can be replaced by rice, maize, barley grain, millet (Bajra), sorghum (Jowar) and other locally available millet flour or products. 23 Following the introduction of gluten-free diet to patients, a sense of general well-being pervades, weight and height improve and the severity of acute and chronic complications of celiac disease decreases. 22 Ê
CONCLUSION
Celiac disease was found in about 10% of patients with type 1 diabetes, almost 10-20 times higher than that observed in general pediatric population. Atypical manifestations (rickets, recurrent hypoglycemia, carpopedal spasm, and night blindness) were found to be common in patients with type 1 diabetes as compared to the general population. Unexplained anemia, poor glycemic control, diarrhoea, short stature and rickets should raise suspicion for the possibility of undiagnosed celiac disease in patients with type 1 diabetes mellitus. Growth indices and parameters of glycemic control improve considerably on timely detection and management of celiac disease.
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We confirmed the observation that children with diabetes who went on to develop celiac disease were younger at diagnosis of DM than other children with DM. 13 The predominance of males with celiac disease in the present study has been observed in few studies, 17 while other studies in different races have shown a female predominance, 16 which likely represents variability of genetic and environmental factors among different races.
